Introduction: Non-parasitic spleen cyst (NSC) is a relatively rare and difficult to diagnose disease, which rapture due to a traumatic impact to the spleen, can lead to the peritonitis. Case presentation: We present the case of a 30-year-old woman with a 7.5 × 7.5 × 5 cm NSC, who underwent the microwave ablation (MWA) of the splenic cyst. Results: The procedure was performed under intravenous anesthesia. MWA of the cysts was performed using a probe placed in the cavity of the cyst, with the frequency of 902-928 MHz delivered during 15 minutes. The postoperative period was uneventful, and the patient was discharged after 2 days. Conclusion: We demonstrated that MWA can be utilized as a novel, minimally-invasive, and cost-effective approach in NSC treatment.
Introduction
Non-parasitic splenic cyst (NSC) is a relatively rare disease which is hard to diagnose. Clinical manifestations of NSC depend on the volume of the liquid inside the cyst, and possible complications, such as hemorrhage or abscess [1] . The most dangerous consequence of NSC is its rupture due to, for instance, a traumatic impact to the spleen, leading to development of peritonitis [2] .
Many authors prefer splenectomy as the most radical method of treating NSC, especially for large cysts [3] . With the introduction into clinical practice of minimally invasive treatment methods under the control of ultrasound and fluoroscopy X-ray, most surgeons perform organ-preserving operations during NSC, which significantly improves the patient's quality of life [4] . At the same time, sclerotherapy and embolization of the NSC are expensive approaches, with the number of relapses up to 12.5%, and the average bed-day of 18 ± 0.5 [5, 6] .
The method of microwave ablation (MWA) was successfully utilized in the treatment of neoformations in parenchymal organs, including liver hemangiomas. The present case demonstrates the successful use of MWA in the treatment of NSC under the control of ultrasound and fluoroscopy X-ray.
Case presentation
On May 29, 2016, the patient -a woman of 30 years old, was accepted to the Sechenov University Clinical Hospital No. 1 with occasional pulling pain in left hypochondrium, nausea, and low-grade fever. The examination revealed a cyst in the spleen. The reaction of Kasoni and ELISA for Human Cystic echinococcosis was negative. The diagnosis of NSC was established. On June 13, 2016, the patient was admitted to the Department of Surgery for the surgery. A percutaneous puncture and MWA of the splenic cyst were performed under the control of ultrasound and X-ray fluoroscopy.
At admission: The spleen is of 20 × 10 cm, with the lower pole being palpated in the area of the mesogastrium, of dense consistency, and painless during palpation.
During examination: The blood and urine test results were within normal ranges, except for the erythrocyte sedimentation rate (ESR), which was 29 mm/h. Thrombocytopenia was not detected, with the values of platelets of 315 thousand/μl.
Ultrasonography and computer tomography (CT) of abdominal organs: The spleen is of 20 × 10 cm, with clear, even contours, and homogeneous structure. In the upper pole of the spleen, a cyst is defined with clear smooth contours of 7.5 × 7.5 × 5 cm, uniform content, without septa or additional inclusions (Fig. 1 ). There were no signs of color Doppler mapping in the walls of the cyst. Conclusion: cyst of the spleen is not excluded.
Previously, spleen surgery had not performed. During the surgery, a percutaneous puncture and MWA of the splenic cyst were performed under the control of ultrasound and X-ray In the epigastrium on the left anterior axillary line, a percutaneous puncture of the cyst of the upper pole of the spleen was made using a 18 gauge needle. After removal of the stylet, about 140 ml of a green turbid liquid was evacuated, which was sent for biological and cytological examination. Then, a radiopaque preparation (Urografin ® 76% -20 ml + NaCl 0.9% 120 ml) was injected into the cyst. During Xray, a neoformation of clear, even contours, and of uniform contrast was determined at the left subphrenic region. No contrast in the abdominal cavity or the vessels of the spleen was detected. MWA of the cysts was performed using a MWA catheter placed in the cavity at the center of the cyst, with the frequency of 902-928 Hz delivered during 5 minutes. The installed 18 G needle allowed the evacuation of the residual high temperature liquid during the MWA. Then, both the catheter and needle were removed. Biological and cytological examination of the fluid obtained during the surgery revealed the presence of a cylindrical epithelium and the absence of abnormal cells.
The postoperative period was uneventful, and no analgesics required.
The abdominal ultrasound examination performed on day 2 postsurgery, did not reveal the residual cavity of the cyst in the region of the upper pole of the spleen.
The patient was discharged under the supervision of a general practitioner, with recommendations to abstain of physical activity for 3 months, and to perform ultrasound examinations every six months.
Four months post-surgery, on October 22, 2018, the patient underwent the control examination. There were no complaints reported. CT scan of the abdominal cavity in the region of the upper pole, has revealed the residual cavity of the cyst with dimensions of 3 × 1.7 × 1.9 cm (volume 4.8 ml) (Fig. 2) .
Discussion
The spleen is an important internal organ involved in blood formation and ensuring the immunological status. Splenectomy, even performed using laparoscopic approaches, is a traumatic method requiring endotracheal anesthesia. The cost of this surgery reaches up to 250,000.00 rubles in Russia and $20,000.00 USD in the United States. The average bed-day is 12 ± 2.3, and the frequency of complications is up to 22.7% [7] .
Sclerosis of the cyst using 96% ethyl alcohol often results in a relapse of the disease [4] . For instance, the 12.5% relapse, and the average bed-day of 18.5 was reported after the sclerosis of splenic cysts in 48 children [5, 6] .
Similar observation were reported in our clinic during sclerosis of the NSC in 50 patients [4, 8] . To improve the method, we applied embolization of splenic artery that feeds the cystic formation of the spleen to induce its sclerosis using 96% ethanol. The outcomes were somewhat better, but after embolization of splenic artery, patients complained to severe pain in the left hypochondrium. The recurrence rate was 23.8%, and the average bed-day was 18 ± 2.3 [4] .
Our novel MWA technique, to the best of our knowledge, was not described in the literature. This advanced approach of NSC treatment allows to carry out the procedure on an outpatient basis. MWA is less traumatic, does not require general anesthesia, and can be performed using intravenous or local anesthesia. There is no recurrence of the disease, and the duration of treatment is 1-2 bed-days.
The case described by us demonstrates the efficacy of MWA of NSC. The residual cavity of the cyst 4.8 ml, detected by abdominal CT. After the surgery, the patient had no pain, and the operation itself and the hospital stay were 2 days. There were no complications during and after the surgery.
MWA due to ultra-high-frequency (microwave) energy leads to rapid heating of the cyst contents and its walls up to 120 degrees. This contributes to necrosis and sclerosis of the cyst walls. By controlling the temperature and time, using the generator it is possible to perform a complete destruction of the walls of the cyst.
Conclusion
MWA is a promising approach in NSC treatment.
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